Introduction
Thermodynamic properties of actinide-intermetallic compounds are technologically useful since it has been found that metallic inclusions in nuclear fuel, formed during fission in a fast-breeder reactor, consist of high-stability alloys.") This is particularly so with the light platinum metals, which form in the nuclear-fuel matrix alloys of the type UMe, (Me = Ru, Rh, and Pd), in solid solution with one another as (U, Pu)(Ru, Rh, Pd&. For a better understanding of the formation and stability of these solid solutions thermodynamic information on these materials is necessary.
The uranium intermetallics are also of interest because of their thermophysical properties. The 5f electrons of the actinides exhibit behavior intermediate between that of the 46 itinerant electrons of the transition metals and the localized 4f electrons of the lanthanides. Moreover, 5f electrons are of considerable interest in the study of magnetism, and of crystalline electric-field levels by optical and neutron spectroscopy. This initiatory paper presents thermochemical and thermophysical properties within the context of a larger program on the determination of their chemical thermodynamics.
Experimental
The starting materials for the preparation of URh, and URu, were rhodium and ruthenium powders (99.99 mass per cent purity, Johnson Matthey Chemicals, Ltd.) and uranium nitride (UN) prepared by the reaction of finely divided uranium powder with nitrogen. The uranium sesquinitride that is formed at about 1000 K is decomposed in an argon atmosphere to UN at 1700 K. Before use, the rhodium and ruthenium powders were dried in vacuum at about 800 K to remove any adsorbed moisture. URu, and URh, were prepared then by heating mixtures of UN with ruthenium and rhodium in stoichiometric ratios at about 1600 and 1400 K, respectively. A high-frequency induction furnace was used for the heating of samples. The equipment consisted of a Pyrex tube with a water-cooled copper concentrator containing a TaC crucible on an alundum bar. The tube was assembled in the glove box, placed in the induction coil of the furnace, and connected with the argon purification system. After the tube had been gushed sufficiently with purified dry argon, the sample in the TaC crucible was heated. Temperatures were measured with a calibrated pyrometer on a black-body hole in the TaC crucible (accuracy + 10 K in the temperature range 100 to 1800 K). The reaction products were ground and reheated; this was done until the reaction was complete as indicated by the X-ray diffraction results. The lattice parameters of the URu, and URh, samples are given in table 1. Since the UN starting material contained a known amount of UOZ, the URu, and URh, preparations were purified by washing them in an acid solution ~~(HNO~)/~(H~O) = l> to remove any UO, present. URu, and URh, are insoluble in this solution. The purified preparations were dried in vacuum at 800 K. The original UN-to-Rh mole ratio was corrected for this amount of UOZ to give finally the stoichiometric compositions.
ADIABATIC TECHNIQUES, 6 TO 350 K, UNIVERSI~ OF MICHIGAN
The Mark II cryostat and the adiabatic technique were employed.(2) Gold-plated copper calorimeter W-34 with a volume of 8 cm3 was used. The calorimeter was loaded with sample in a dry box, evacuated, and helium gas to improve thermal equilibrium added at 3 kPa pressure at 300 K to provide thermal contact between Measurements were made in a diphenyl-ether drop calorimeter developed by Cordfunke et aLt3) The energy equivalent of the calorimeter was determined by means of calibrations with spherical pieces of a-quartz. A calibration factor of (79.977 f 0.063) J * g -1 for mercury was obtained. For the dro~~o~met~c studies, spherical vitreous-silica ampoules with a 0.6 mm wall thickness and 20 mm diameter were used to contain the samples. The ampoules were about 4.2 cm3 in volume and were of mass 1 to 1.5 g empty. Heat from the sample and ampoule, when dropped into the calorimeter, melted solid diphenyl ether in equilibrium with its liquid in a closed system. The resulting volume increase of the ether was determined by weighing the displaced mercury. Temperature measurements in the furnace were made with calibrated (Pt-to-(Pt + 10 mass per cent of Rh) thermocouples to within +O.l K. The enthalpy contribution of the vitreous silica was determined in a series of separate drop measurements.
The ampoules contained about 13 g of URu, and about 12.5 g of URh,, respectively. In the experiments more than 85 per cent of the measured energy was due to the sample. A correction was made for the difference between the final calorimeter temperature and the standard reference temperature, 298.15 K, using C,,,(298.15 K). 
Results
The measured heat capacities of both compounds over the low-temperature range are listed in chronological order in table 2 ~~/20~2) +aT,"' by slopes of plots of (C,, -12R)/T against Te3 ovpe;f the region 0.70, < T < 1.36&,. The zero intercept of these linear curves at T = cc gives values of 0.0024 and 0.0028 for the coefficients of the linear term in T involving the conduction electronic coefficient y', the thermal expansivity, and the anharmonicity coefficient. Hence y'/(R K) does not increase much in this region.
The results of the drop-calorimetric measurements for URu, and URh, are given in table 4. Over the range of the experimental measurements the enthalpy increments as a function of temperature can be represented by a polynomial expression of the usual form: H:(T) = aT+bT'+cT-' +d, the coefficients of which have been obtained by least squares. Boundary conditions were applied so that, when T= 298.15 K, ~~~(~~-~~(298.~5 K)] = 0 and C,,(T) = C, ,(298.15 K). The last quantity was obtained from the lowtemperature heat-capacity measurements (table 3) . The high-tem~rature enthalpy increments correlate smoothly with the low-temperature values.
For URu, we obtain (298 to 890 K): rhodiurn.~"~ measurements of the De Haas and van Alphen effect (13) and of the T3 dependence of the resistivity at low tem~ratures~") have been interpreted by a model in which a broad hybridized band between 6d and 5f uranium states overlaps the Fermi level Additional 5f levels in the actinide series tend to a gradual development of localmoment behavior. In the series ThRh,, URh,, NpRh,, PuRh,, the stabilization of the 5f energy level is clearly apparent from the magnetic susceptibilities, electric conductivities,04' and heat-capacities. In ThRh,, the 5f level is above the Fermi energy; in URh, a broad (6d+5f) hybridized band overlaps the Fermi level. Addition of more 5f electrons stabilizes a nearly magnetic state in NpRh, with a reported spin-fluctuation temperature Ts x 100 KCi4) and subsequently complete localization occurs in PuRh, which presents antiferromagnetic ordering at 6.6 K.""
The y values, at low tem~ratures, obtained from our heat-capacity measurements indicate a similar density of states in the Fermi surface for URh, and URu, intermediate between the values for ThRh, and NpRh, in accordance with the susceptibilities. (11) That and the absence of any Schottky anomaly, in contrast to UPd3,'15' is compatible with a broad band in the Fermi surface with unlocalized electrons.
Although evidence of similar measurements for the (actinide -I-ruthenium) intermetallics is lacking, we predict from our results a role for the 5f electrons similar to that in the rhodium series.
Our 4d uranium compounds as well as the other non-d compounds with cubic structure presented in table 6 show a clear correlation in each group between the atomic distances and the y values. This reflects the stabilization of the 5f electrons by band narrowing, increasing the U-U distances, and eventual magnetic ordering in UIn, and UPb,. Both magnetic orderingo6' and low-energy crystal-field transitions,(i7) have been unambiguously established to be present in UPd, which is isostructural with URu, and URh,. Its lattice parameter (a = 406.9 pm)"@ is close to the U-U distance in UPd,; hence similar behavior is explicable. Despite large variation in the molar masses M we find a remarkable uniformity in the 0,(0)M'i2 values indicating the dominance of low-energy vibrational modes of the lattice in which the heavy atoms do not participate."" This regularity permits calculation of the lattice heat-capacity contribution by the corresponding-states principle in the compounds that have thermal anomalies such as UPd,.(15' We obtain On(O) = 273 K and O&co) = 236 K.
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